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3.  Hybrids  of  grandiflora  B X biennis  D in  the  F2 
Generation 

In  my  last  paper  (Davis,  ’12a,  pp.  392-406)  there  was 
described  an  especially  interesting  Fj  generation,  culture 
11.35,  of  the  cross  grandiflora  B X biennis  D.  The 
biennis  male  parent  of  this  cross  (Davis,  ’12a,  pp.  385- 
389,  Figs.  1-3)  was  of  a race  with  the  stem  coloration 
characteristic  of  Lamarckiana,  i.  e.,  the  papilhe  or  glands 
at  the  base  of  long  hairs  were  colored  red  on  green  por- 
tions of  the  stem.  The  grandiflora  female  parent  bears 
the  same  type  of  papillae,  but  they  follow  the  color  of  the 
stem  and  therefore  lack  the  red  over  green  portions  of 
the  stem.  The  biennis  parent  then  presented  a character, 
the  red  coloration  of  the  papillae,  that  might  be  expected 
to  be  present  or  absent  in  the  Fj,  and  to  present  an  alter- 
native inheritance  in  the  F2  generation. 

It  will  be  remembered  that  in  the  Fj  generation  of  this 
cross,  grandiflora  B X biennis  D,  consisting  of  180  plants, 
two  sharply  contrasted  classes  appeared  (Davis,  ’12a,  p. 
395).  Class  I was  represented  by  12  plants  which  had 
the  stem  coloration  of  the  biennis  parent  (red  papillae  on 
green  portions  of  the  stem).  Class  II  was  represented 
by  168  plants  with  the  stem  coloration  of  the  grandiflora 
parent  (stems  above  clear  green).  Other  peculiarities  of 
these  classes  are  described  in  the  paper  cited  above,  but 
we  are  concerned  at  this  time  chiefly  with  the  behavior  of 
this  color  character.  The  mixed  conditions  in  this  Fj 
generation  naturally  suggested  the  probability  that  the 
male  biennis  parent  was  heterozygous  with  respect  to  the 
red  coloration  of  the  papillate  glands  and  that  it  formed 
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two  classes  of  gametes  with  and  without  the  factor  re- 
sponsible for  this  character. 

Although  it  is  true  that  the  form  biennis  D in  later 
generations  has  been  uniform  as  to  the  stem  coloration 
described  above  it  by  no  means  follows  that  the  original 
plant  of  1910,  which  furnished  the  gametes  of  the  cross, 
was  homozygous  for  this  character.  I have  already  noted 
the  fact  (Davis,  ’12a,  p.  386)  that  types  occur  wild  similar 
to  biennis  D except  for  their  clear  green  stems.  Con- 
sequently the  original  plant  may  have  been  heterozygous 
with  respect  to  factors  for  red  papillae  and  in  my  later 
generations  I may  have  isolated  a homozygous  line. 

Last  summer  I grew  the  reciprocal  of  the  cross  de- 
scribed above,  i.  e.,  a cross  biennis  D X grandiflora  B 
which  involved  the  same  parent  plants  as  in  the  first. 
The  Fx  generation  of  103  plants,  culture  12.11,  was 
brought  to  maturity  and  consisted  of  the  same  two  clearly 
defined  classes.  Class  I,  consisting  of  87  plants,  presented 
the  stem  coloration  of  the  biennis  parent  (red  papillae  on 
green  portions  of  the  stem).  Class  II,  consisting  of  16 
plants,  presented  the  stem  coloration  of  the  grandiflora 
parent  (stem  above  clear  green).  There  was  a dispro- 
portion of  the  numbers  as  in  the  previous  case,  but  in  the 
reciprocal  cross  the  plants  with  red  papillae  were  in  a 
large  majority,  87 :16,  instead  of  being  in  a small  mi- 
nority, 12 :168,  present  in  the  first  cross.  Other  peculiari- 
ties of  these  classes  were  the  same  as  in  the  first  cross. 
Again  the  mixed  conditions  in  the  Fj  reciprocal  cross  sug- 
gested the  probability  that  the  biennis  parent,  in  this  case 
female,  was  heterozygous  with  respect  to  the  red  colora- 
tion of  the  papillate  glands  and  that  it  also  formed  two 
classes  of  gametes  with  and  without  the  factor  respon- 
sible for  this  character. 

The  two  classes  of  hybrids  in  the  Fj  generation  de- 
scribed above  appear  to  present  a phenomenon  similar  to 
the  “twin  hybrids”  of  De  Vries  (’07)  which  result  when 
(E.  biennis  or  (E.  muricata  are  pollinated  by  Laniarckiana 
or  by  one  of  its  derivatives  (e.  g.,  rubrinervis,  brevistylis 
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or  nanella).  C ritics  have  pointed  out  that  this  behavior 
indicates  that  Lamarckiana  is  heterozygous  or  hybrid  in 
character  since  it  must  form  at  least  two  different  types 
of  male  gametes.  De  Vries  apparently  believes  that  the 

twin  hybrids”  in  my  crosses  show  that  the  grandiflora 
parent  is  in  a condition  similar  to  that  of  Lamarckiana 
and  that  the  ‘‘twin  hybrids”  are  due  to  the  mutations  of 
grandiflora.  My  interpretation  of  the  behavior  is  quite 
the  opposite,  for,  as  will  be  shown,  the  evidence  indicates 
that  the  biennis  parent,  with  respect  to  the  characters  con- 
cerned, is  heterozygous  and  that  the  race  of  grandiflora 
is  stable.  If  this  is  true  the  evidence  does  not  indicate 
that  the  race  grandiflora  B exhibits  with  respect  to  these 
characters  the  habit  of  mutation  as  claimed  by  De  Vries 
( ’12,  p.  30). 

Among  some  300  plants  of  grandiflora  grown  from 
wild  seed  and  200  more  grown  in  isolated  lines  none  have 
presented  red-colored  papillae  over  green  portions  of  the 
stem.  All  green-stemmed  forms  of  biennis  have  proved 
perfectly  true  to  this  character.  One  of  the  best  known 
types  of  green-stemmed  biennis  is  the  Dutch  plant  exten- 
sively grown  by  De  Vries  and  Stomps,  and  this,  as  far  as 
I know,  is  constant.  Furthermore,  all  green-stemmed  F: 
hybrids  have  in  later  generations  proved  constant  to  this 
form  of  coloration.  There  is  thus  much  evidence  that 
the  absence  of  red  in  papillae  over  green  portions  of  the 
stem  constitutes  a homozygous  "Condition.  The  type 
biennis  D,  as  stated  before,  can  not  be  distinguished  in 
other  respects  from  wild  plants  which  lack  the  red  colora- 
tion in  their  papillae,  and  it  seems  probable  that  this  as- 
semblage is  a mixed  population  in  which  some  plants  are 
heterozygous  with  respect  to  the  character  of  their  stem 
coloration. 

Although  I can  not  as  yet  present  experimental  proof 
that  the  red  coloration  of  papillae  is  a character  dominant 
to  its  absence,  we  should  expect  this  to  be  the  case  because 
anthocyan  coloration  is  obviously  a character  in  addition 
to  that  of  the  green  and  because  its  inheritance  appears 
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to  be  alternative.  It  is  on  this  hypothesis  that  I shall 
treat  the  red  coloration  of  papillae  as  a dominant  char- 
acter when  for  convenience  employing  a Mendelian  nota- 
tion in  the  accounts  that  follow. 

It  became  a matter  of  interest  to  determine  how  repre- 
sentatives of  Class  I and  Class  II  would  behave  in  the  F2 
when  selfed  and  how  they  would  behave  when  crossed 
reciprocally.  Therefore  I selected  a plant,  11.35m 
(Davis,  ’12a,  Figs.  6 and  7),  as  representative  of  Class  I, 
and  a plant,  11.35a  (Davis,  ’12a,  Figs.  5,  8 and  9),  as 
representative  of  Class  II,  and  according  to  my  plan 
(Davis,  ’12a,  p.  399)  carried  these  in  pure  lines  into  an  F2 
and  also  grew  the  crosses  11.35  m X a and  11.35  a X m. 
Furthermore,  a large  F2  generation  was  grown  from  an 
especially  interesting  plant  11.35La  (Davis,  ’12a,  Figs. 
10,  11,  12  and  13),  also  representative  of  Class  II,  which 
resembled  CEnothera  Lamarckiana  closely  in  certain  par- 
ticulars. These  cultures  will  now  be  briefly  described. 

1.  The  F2  Generation  from  11.35m. — From  this  plant, 
with  red  papillae  on  green  portions  of  the  stem  as  in  the 
parent  biennis,  the  contents  of  one  capsule,  413  seeds, 
were  sown.  The  culture,  12.43,  produced  180  seedlings, 
of  which  166  plants  were  brought  to  maturity.  Among 
these,  86  plants  presented  the  stem  coloration  of  11.35m 
and  the  biennis  parent  of  the  cross,  and  80  plants  pre- 
sented the  stem  coloration  of  the  grandiflora  parent. 

Let  us  assume  the  formula  for  the  biennis  parent  to  be 
Rr  ( R standing  for  the  presence  of  the  factor  responsible 
for  the  red  color  of  the  glands  and  r for  its  absence) ; i.  e., 
the  biennis  parent  is  held  to  be  heterozygous  for  this 
character  and  to  form  two  classes  of  gametes,  viz.,  R and 
r.  Let  us  assume  that  the  formula  for  the  grandiflora 
parent  with  respect  to  this  character  is  rr.  The  F1 
hybrid  plant  11.35m  would  then  be  expected  to  have  the 
formula  Rr  and  to  produce  gametes  R and  r.  These 
gametes  in  chance  combinations  should  give  F2  hybrids  in 
the  proportions  1 RR  : 2 Rr : 1 rr,  which  would  be  a 3 : 1 ratio 
with  respect  to  the  appearance  of  the  character  R (red 
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papillae).  I lay  no  stress  on  the  fact  that  in  my  small 
cultures  the  numbers  were  8 6R : 80r,  but  merely  wish  to 
note  the  point  that  in  this  F2  generation  two  classes  ap- 
peared sharply  distinguished  by  the  presence  or  absence 
of  the  character  under  discussion. 

I was  unable  to  differentiate  in  this  F2  other  characters 
on  the  plants  11.35m  and  11.35a  associated  with  the  pres- 
ence or  absence  of  the  red  papilke  (see  Davis,  ’12a,  p. 
395).  There  was  a wide  variation  in  habit,  leaf,  form, 
inflorescence,  flower  proportions  and  flower  size  (petals 
2.2-3.9  cm.  long),  a variation  that  seemed  unrelated  to  the 
presence  or  absence  of  red  papillae.  In  this  culture  also 
appeared  a group  of  15  dwarfs,  recognizable  when  young 
rosettes,  which  at  maturity  were  from  5-6  dm.  high, 
sparsely  branched,  and  with  a foliage  of  narrow  leaves ; 
6 of  these  dwarfs  had  the  stem  coloration  of  the  biennis 
parent  (red  papillae)  and  9 that  of  grandiflora. 

Among  the  plants  with  red  papillae  on  the  stems  I 
selected  an  individual,  12.43#,  which  among  my  hybrids 
with  the  stem  coloration  of  Lamarckiana  most  resembled 
that  form.  I shall  make  this  plant  the  starting  point  of 
a pure  line  with  the  hope  that  in  later  generations  I may 
find  variants  still  closer  to  the  Lamarckiana  type  which 
may  be  isolated  by  selection.  Whether  the  plant  is  homo- 
zygous with  respect  to  the  red  coloration  of  the  papillate 
glands  is  a point  to  be  determined  by  the  next  generation. 

2.  The  F2  Generation  from  11.35a. — From  this  plant 
with  the  stem  coloration  of  the  grandiflora  parent  (pa- 
pillae green  over  green  portions  of  the  stem),  the  contents 
of  one  capsule,  432  seeds,  were  sown.  The  culture,  12.42, 
produced  165  seedlings  of  which  147  plants  were  brought 
to  maturity.  These  presented  uniformly  the  stem  colora- 
ion  of  the  Fx  hybrid  plant  11.35a  and  of  the  grandiflora 
parent.  It  seems  then  safe  to  conclude  that  such  a plant 
as  11.35a  is  homozygous  as  to  its  stem  coloration  with 
possibly  the  formula  of  a recessive  ( rr ) lacking  the  factor 
that  produces  the  red  color  in  the  papillate  glands.  This 
position  is  supported  by  the  evidence  from  the  much 
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larger  F2  generation  grown  from  the  sister  plant  of  the 
same  Class  II,  11.35La,  where  532  plants  agreed  in  having 
this  same  type  of  stem  coloration  characteristic  of 
grandiflora. 

The  culture  was  remarkable  for  the  length  and  breadth 
of  its  leaves,  which  far  surpassed  that  of  the  parents  of 
the  cross  and  for  its  general  vigor.  In  these  respects 
there  was  marked  progressive  evolution.  The  flower 
size,  however,  was  below  the  grandiflora  type,  the  petals 
ranging  from  1.5  to  2.8  cm.  long  (those  of  grandiflora 
being  abont  3.3  cm.  long).  Since  none  of  these  plants 
appeared  to  present  the  possibility  of  developing  the  stem 
coloration  of  Lamarckiana,  I have  not  considered  it  worth 
while  to  follow  the  family  further. 

3.  The  Cross  11.35  m X a and  its  Reciprocal  11.35 
a X — These  crosses  were  made  to  determine  whether 
or  not  the  peculiarity  of  the  red  glands  with  the  other 
correlated  characters  was  in  any  sense  or  degree  sex- 
limited.  Thus  if  these  characters  were  carried  by  the 
male  gametes  from  the  plant  11.35m,  the  progeny  of  the 
cross  11.35  a X m should  have  the  peculiarities  of  Class  I, 
while  the  progeny  of  the  cross  11.35  m X a should  have 
the  peculiarities  of  Class  II.  A behavior  of  this  general 
nature  has  been  described  by  De  Vries  (’ll)  in  his  paper 
on  double  reciprocal  crosses. 

From  the  cross  11.35  m X a the  contents  of  one  capsule, 
276  seeds,  were  sown.  The  culture,  12.45,  gave  143  plants 
which  were  brought  to  maturity.  Of  these,  50  plants  pre- 
sented the  red-colored  papillae  characteristic  of  11.35m 
and  of  the  biennis  parent,  and  83  had  the  coloration  of 
H.35a  and  of  the  grandiflora  parent.  On  the  hypothesis 
developed  through  the  cultures  previously  described  the 
plant  11.35m  should  have  the  constitution  Rr  and  the 
plant  11.35a  should  have  the  constitution  rr.  The  female 
gametes  of  11.35m  should  then  have  been  of  two  sorts 
(R  and  r),  the  male  gametes  from  11.35a  should  have  been 
all  similar  (r),  and  the  plants  of  the  culture  distinguished 
as  501? r and  83rr.  The  expected  ratio  of  the  two  classes 
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would  be  1 : 1,  provided  that  tlie  female  gametes  R and  r 
were  formed  in  equal  numbers  and  mated  in  equal  pro- 
portions with  the  male  gametes  (r).  It  is  at  least  clear 
from  this  culture  that  the  factor  for  red  glands  ( R ) is  in 
this  case  carried  by  a certain  proportion  of  the  female 
gametes  and  that  the  female  gametophytes  for  the  plant 
11.35m  must  be  of  two  sorts  (R  and  r). 

The  plants  of  this  culture,  12.45  (11.35  m X a),  failed 
to  exhibit  consistently  the  other  differences  associated 
with  the  presence  or  absence  of  red  glands  as  illustrated 
by  the  two  Fx  types  11.35m  and  11.35a.  There  was  a 
marked  progressive  advance  over  the  parent  species, 
biennis  and  grandiflora,  in  leaf  size  and  general  vigor, 
but  not  in  flower  size,  the  petals  ranging  from  1.5  to  3.2 
cm.  in  length. 

From  the  cross  11.35  a X w the  contents  of  one  capsule. 
223  seeds,  were  sown.  The  culture,  12.44,  gave  142  plants 
which  were  brought  to  maturity.  Of  these  23  plants  pre- 
sented the  red-colored  papilke  characteristic  of  11.35m 
and  of  the  biennis  parent,  and  119  had  the  coloration  of 
11.35a  and  the  grandiflora  parent.  The  proportions  of 
these  two  types  (23:119)  is  far  from  the  expected  ratio 
1 : 1 on  the  hypothesis  considered  above,  but  it  should  be 
noted  that  the  total  number  of  plants  in  the  culture  (142) 
is  small.  The  main  consideration  is,  however,  clear,  viz., 
that  the  factor  for  the  red  papillae  is  in  this  case  carried 
by  a certain  proportion  of  the  male  gametes  and  that  the 
male  gametophytes  from  the  plant  11.35m  must  be  of 
two  sorts  (R  and  r ).  Thus  in  both  crosses  (11.35  m X ci 
and  11.35  a X m)  the  character  of  the  red  papillae  is  repre- 
sented in  certain  of  the  gametes  both  male  and  female  and 
the  character  is  not  sex-limited. 

The  plants  of  the  culture  12.44  (11.35  a X m)  also  failed 
to  show  consistently  the  other  differences  associated  with 
the  presence  or  absence  in  the  Fx  of  red  papillae.  There 
was  a similar  progressive  advance  over  the  parent  species 
in  leaf  size  and  vigor,  and  likewise  no  advance  in  flower 
size,  the  petals  ranging  from  1.3-3  cm.  in  length. 
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4.  The  F2  Generation  from  11.35La. — This  plant, 
11.35 La  (Davis,  ’12a,  pp.  401-406,  Figs.  10, 11, 12  and  13), 
was  one  of  the  most  interesting  of  my  hybrids  because  of 
its  strong  resemblance  to  Lamarckiana  in  buds  and  foli- 
age. The  coloration  of  the  stem  was,  however,  that  of 
Class  II,  i.  e.,  it  was  grandiflora- like  in  the  absence  of  red 
in  the  papillae  on  green  portions  of  the  stem.  I had  no 
means  of  knowing,  when  this  plant  was  selected  as  the 
parent  of  a second  generation,  that  its  type  of  stem  colora- 
tion was  probably  recessive  to  that  of  the  red  papillae  as 
found  on  the  biennis  parent,  and  that  I should  be  disap- 
pointed in  my  hope  of  obtaining  in  an  F2  some  plants  with 
the  stem  characters  of  biennis  D and  Lamarckiana.  I 
now  believe  that  such  a form  is  unable  to  produce  in  later 
generations  plants  with  red  papillae,  and,  since  this  is  an 
important  character  of  Lamarckiana,  my  efforts  with  this 
particular  line  of  hybrids  will  be  discontinued.  The  F2 
generation  from  this  plant,  however,  from  the  genetical 
standpoint  proved  to  be  one  of  the  most  interesting  that 
I have  grown  and  well  merits  a brief  description. 

The  contents  of  14  capsules,  containing  2,217  seeds, 
were  sown,  and  after  eight  weeks  gave  a culture,  12.41,  of 
623  seedlings.  An  unusual  mortality,  apparently  in  a 
class  of  dwarfs,  reduced  the  culture  finally  to  532  plants. 
The  rosettes  before  they  were  half  grown  presented  an  ex- 
traordinary range  of  variation  and  it  became  possible  to 
group  them  although  this  preliminary  classification  re- 
quired considerable  revision  later.  A large  group  of 
more  than  100  rosettes  presented  broad  closely  clustered 
and  crinkled  leaves  of  the  Lamarckiana  type.  Many  of 
these  rosettes  when  half  grown  were  indeed  indistinguish- 
able from  those  of  Lamarckiana  at  the  same  age.  A 
smaller  group  of  about  20  consisted  of  rosettes  with 
narrow  leaves ; most  of  these  developed  into  dwarf  forms. 
Finally,  the  remainder,  constituting  what  might  be  called 
the  mass  of  the  culture,  contained  rosettes  ranging  on  the 
one  hand  from  a number  somewhat  grandiflora- like  to  a 
few  rosettes  somewhat  close  to  the  biennis  type,  and  be- 
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tween  these  extremes  was  an  assemblage  of  intermedi- 
ates impossible  of  classification.  In  short,  this  portion  of 
the  culture  presented  an  excellent  illustration  of  a relative 
segregation  of  characters,  with  the  extremes,  however, 
quite  far  from  the  pure  parent  types.  As  the  culture 
grew  to  maturity  a reclassification  of  the  types  became 
necessary  and  finally  five  groups  were  separated  as  de- 
scribed below. 

Group  A consisted  of  132  plants  which  had  the  La- 
marckiana- like  foliage  and  short  internodes  (Fig.  16) 
of  the  parent  Fj  hybrid  11.35La,  together  with  the  4- 
angled  buds  and  flower  form  of  this  plant.  These  plants 
developed  from  the  group  of  rosettes  with  broad  crin- 
kled leaves  of  the  Lamar ckiana  type.  The  size  at  matur- 
ity ranged  from  plants  1.3  m.  high  to  dwarfs  4 dm.  in 
height;  the  habit  and  leaf  size  exhibited  great  variation. 
The  extreme  types  of  dwarfs  (13  in  number)  had  very 
much  the  habit  of  nanella.  The  flowers  varied  greatly 
in  size,  petals  3.5-1  cm.  long,  with  the  stigma  both  above 
and  below  the  level  of  the  anthers.  There  was,  there- 
fore, in  this  group  a decided  segregation  of  flower  size. 
A peculiar  feature  of  these  flowers  was  the  very  com- 
mon cutting  of  the  petals  at  the  edge  into  narrow  seg- 
ments as  in  laciniate  varieties  of  flowers.  This  is,  as  far 
as  I know,  a new  character  in  the  genus  (Enothera . The 
greatest  development  of  leaf  size  and  extent  of  crinkling 
observed  in  this  group  is  illustrated  in  Fig.  17,  which 
shows  two  rosette  leaves  of  one  of  the  hybrids,  12AlLp, 
compared  with  the  rosette  leaves  of  the  parent  types  of 
biennis  and  grandiflora. 

Group  B contained  5 dwarfs,  3-4  dm.  high,  sparsely 
branched  or  not  at  all,  and  with  narrow  leaves.  The 
buds  and  flowers  were  grandiflora- like  in  form,  but  the 
petals  were  only  about  1.8  cm.  long.  These  dwarfs  were 
very  delicate  and  presented  the  characters  of  (Enothera 
reduced  in  size  to  about  the  simplest  terms.  They  re- 
called the  class  of  dwarfs  in  the  F2  from  the  plant 
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Fig.  16.  A type.  12.41Z.t,  in  tlie  F2  from  the  Fi  plant  11 ,35La,  hybrid  of 
grandiflora  B x biennis  D,  representative  of  Group  A.  A form  similar  to 
Lamarckiana  in  foliage,  four-angled  buds  and  fairly  large  flowers  (petals  3 cm. 
long),  but  the  stem  coloration  was  the  type  of  grandiflora,  and  the  internodes 
were  short  as  in  gigas. 


10.30L5  (Fig.  5),  but  were  present  in  very  much  smaller 
proportions. 

Group  C comprised  7 plants  having  the  habit  of  grandi- 
flora with  long  branches  from  the  base,  but  with  narrow 
lanceolate  leaves.  The  flowers  were  grandiflora- like 
(petals  3 cm.  long),  but  the  plants  were  not  so  high 
(about  8 dm.).  The  plants  were  distinguished  with  diffi- 
culty from  certain  forms  in  group  F. 

Group  D consisted  of  3 plants,  short  and  very  much 
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branched  and  with  revolute  leaves,  very  narrow  above. 
The  plants  failed  to  flower. 

Group  E included  23  plants  with  a stiff  upright  habit 
and  much-crinkled  leaves.  They  resembled  most  closely 
the  larger  forms  in  group  A,  but  were  without  the  short 
internodes  characteristic  of  those  plants. 

Group  F contained  the  mass  of  the  culture,  362  plants, 
after  the  separation  of  the  groups  described  above.  As 
a group  it  presented  the  best  illustration  of  the  relative 
segregation  of  characters  that  I have  so  far  met  in  an 
Fo  generation.  There  was  a very  wide  range  of  varia- 
tion in  flower  size,  habit  and  leaf  form.  A few  types  re- 
sembling grand  if  ora  could  be  picked  out  at  one  end  of 
the  series,  while  at  the  other  end  were  plants  much  closer 
to  the  biennis  parent  than  have  usually  been  found. 


Fig.  17.  Rosette  leaves  of  a type,  12.41.Lp  in  the  F2  from  the  F,  plant 
11.35La,  hybrid  of  grandiflora  B x biennis  D,  representative  of  Group  A.  The 
rosette  leaves  are  contrasted  with  those  of  the  parents.  The  progressive  advance 
in  leaf  size  and  crinkled  texture  is  very  striking.  The  dry  weight  of  the  two 
leaves  of  the  hybrid  (1.65  g.)  was  more  than  twice  that  of  the  two  leaves  of 
biennis  and  more  than  nine  times  that  of  the  two  leaves  of  grandiflora. 
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Curiously  the  tendency  in  this  group  appeared  not  to  he 
progressive  as  to  the  size  of  flowers  and  other  plant  or- 
gans, but,  instead,  retrogressive.  There  were  no  plants 
with  flowers  larger  than  those  of  grandiflora,  but  in  con- 
trast a large  number  had  flowers  (petals  1-1.5  cm.  long) 
much  smaller  than  those  of  the  biennis  parent  type 
(petals  about  2 cm.  long).  The  general  tendency  through- 
out this  group,  as  well  as  that  of  group  A,  was  distinctly 
downward  as  regards  the  size  of  the  plant’s  organs. 
This  is  the  first  time  that  I have  met  with  such  a phe- 
nomenon in  my  observations  on  second  generation  hy- 
brids of  CEnotJiera. 

Considering  the  culture,  as  a whole,  it  presented  the 
same  sort  of  extreme  variation  that  has  appeared  in 
other  Fa  generations.  Many  types  were  present  which 
were  taxonomically  distinct  from  either  parent  of  the 
cross  and  from  the  Fj  hybrid  plant  11.35La.  The 
groups  of  dwarfs  included  few  individuals,  but  these  were 
quite  as  puzzling  in  their  extreme  reduction  in  size  as 
were  the  dwarf  types  described  from  the  Fj  plants 
10.30L<7  and  10.30L6. 

4.  A Discussion  of  the  Behavior  of  the  Hybrids  in  the 
Second  and  Third  Generations  with  Reference 
to  the  Stability  of  Mendelian  Factors 

I wish  briefly  to  point  out  what  seem  to  me  difficulties 
in  interpreting  the  F2  generations  described  in  this  paper 
in  accordance  with  a strict  Mendelian  conception  of  the 
stability  of  factors.  These  difficulties  are  not  presented 
as  a criticism  of  Mendelism,  for  the  data  are  not  suffi- 
cient to  justify  conclusions,  but  it  is  well  to  note  the 
problems. 

As  I understand  the  tenets  of  strict  Mendelism  it  is 
assumed  that  the  factors  believed  to  be  responsible  for 
characters  are  stable.  New  characters  are  believed  to 
appear  either  by  the  loss  of  factors  or  by  their  recombi- 
nation in  the  gametes,  with  possibly  the  occasional  intro- 
duction of  new  factors  or  modification  of  the  old  to  give 
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‘‘mutations.”  The  process  of  segregation,  of  course, 
adds  or  subtracts  nothing  from  the  sum  total  of  the  fac- 
tors but  merely  distributes  them  variously  to  the  gametes 
that  are  formed.  The  increase  or  loss  of  factors  in  the 
offspring  of  a hybrid  results  from  the  mating  of  gametes 
which  carry  a greater  or  less  number  of  factors. 

Mendelism  in  its  extreme  expression  may  then  be  said 
to  rest  in  large  part  on  a law  of  the  conservation  of  fac- 
tors. This  means  that  factors  could  never  disappear 
from  a genetic  line  of  development  if  all  of  the  gametes 
were  mated  and  if  all  of  the  zygotes  matured.  It  fol- 
lows that  the  factors  contained  in  an  Fx  hybrid  must  all 
come  out  in  an  F2  generation  if  that  generation  is  suffi- 
ciently numerous. 

The  most  striking  specific  problems  brought  forward 
by  the  data  presented  in  this  paper  are: 

1.  The  explanation  of  the  large  groups  of  dwarfs 
thrown  off  in  the  F2  generations  and  repeated  by  certain 
plants  in  the  F3. 

2.  The  explanation  of  the  well-defined  progressive  evo- 
lution, excluding  the  dwarfs,  exhibited  by  these  same  cul- 
tures. 

With  respect  to  the  dwarfs  the  ratio  of  their  produc- 
tion in  the  most  striking  of  the  F2  generations  is  as 
follows : 

The  Fj  hybrid  10.30La  gave  141  dwarfs  in  a culture  of 
1,451  plants  (ratio  about  1:9). 

The  Fx  hybrid  10.30L5  gave  147  dwarfs  in  a culture  of 
992  plants  (ratio  about  1 : 5.7). 

These  are  large  ratios,  considerably  above  the  1 : 15 
which  might  be  expected  if  the  range  of  size  depended 
upon  so  simple  a matter  as  the  presence  or  absence  of 
two  factors.  It  must  be  remembered  that  the  dwarfs 
were  very  much  smaller  than  either  parent,  as  best  shown 
in  the  dwarfs  from  the  plant  10.30L5  (Fig.  5),  where 
the  proportion,  about  1:5.7,  was  the  largest.  These 
small  plants  (Fig.  5),  3-4  dm.  high,  came  from  parents, 
biennis  and  grandiflora,  about  10-15  dm.  and  15-20  dm. 
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liigli,  respectively.  It  is  difficult  to  imagine  fertile  hybrids 
of  such  parentage  much  more  reduced  in  their  vegetative 
expression  than  are  these  dwarfs.  Furthermore,  the 
reduction  was  apparently  a complete  loss  in  the  power  of 
a greater  growth,  as  was  indicated  hv  the  dwarfs  breed- 
ing true  in  the  F3  generation. 

If  the  dwarfs  were  to  be  interpreted  in  so  simple  a 
manner  as  recessives  from  a cross  where  two  factors  for 
size  were  allelomorphic  to  their  absence  the  ratio  of  the 
dwarfs  to  the  mass  of  the  culture  should  have  been  as 
1:15.  Why  then  in  the  mass  of  the  culture,  dwarfs  ex- 
cluded, was  there  no  evidence  of  other  classes'?  The  two 
factors  assumed  must  be  of  large  value  if  their  absence 
is  to  make  the  difference  between  the  size  of  the  dwarfs, 
3-4  dm.,  and  the  size  of  the  parents,  an  average  of  about 
15  dm.  There  might  be  expected  a class  of  giants  to  bal- 
ance the  class  of  dwarfs  and  in  the  ratio  of  1 : 15. 
There  should  have  been  several  other  classes  ranging 
between  these  giants  and  the  dwarfs.  With  only  two 
factors  for  size  concerned,  and  these  of  such  large  value, 
it  seems  impossible  that  the  fluctuating  variations  could 
conceal  the  presence  of  such  classes.  Yet  the  mass  of 
the  culture  failed  to  exhibit  them,  and  only  the  dwarfs 
could  be  separated  as  a class  sufficiently  distinct  to  war- 
rant its  designation.  The  mass  of  the  culture  ranged  in 
size  approximately  between  the  limits  of  the  parents; 
the  gap  between  them  and  the  dwarfs  was  not  bridged 
by  intermediates. 

I am  aware  that  the  dwarfs  might  be  explained  as  re- 
sulting from  the  presence  of  an  inhibiting  factor  intro- 
duced into  the  cross,  but  again  there  should  have  been 
evidence  of  other  size  classes  together  with  the  dwarfs 
according  as  the  inhibitor  was  present  in  a full  or  in  a 
lessened  amount  or  was  entirely  absent.  These  difficul- 
ties are  in  themselves  of  sufficient  weight,  let  alone  the 
general  improbability  of  such  a situation. 

The  explanation  of  the  progressive  evolution  of  an 
F2  generation  in  which  the  culture  with  respect  to  cer- 
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tain  characters  appears  to  advance  as  a whole  presents 
the  second  problem  to  be  considered.  This  phenomenon 
was  also  best  exhibited  by  the  F2  generations  from  the 
hybrids  10.30La  and  10.30L5.  A large  number  of  plants 
in  these  cultures  bore  flowers  with  petals  1 cm.  longer 
than  those  of  the  grandiflora  parent  (petals  about  3.3  cm. 
long),  and  the  smallest  flowers  were,  for  the  most  part, 
two  or  more  times  larger  than  those  of  the  biennis  pa- 
rent (petals  about  1.3  cm.  long) ; between  these  ex- 
tremes was  a very  perfect  range  of  intermediates.  An 
explanation  for  the  advance  in  flower  size  over  that  of 
grandiflora  may,  of  course,  be  offered  as  a recombina- 
tion of  factors  for  large  size  on  the  hypothesis  of  mul- 
tiple factors  for  the  size  of  petals,  but  why  was  there  not 
a balancing  group  of  plants  with  flowers  as  small  as  or 
smaller  than  those  of  biennis?  Even  the  dwarfs  of  these 
cultures  had  flowers  larger  than  those  of  the  biennis  pa- 
rent. The  only  plant  having  smaller  petals  was  the  ex- 
traordinary form  11.42;  (Fig.  15).  What  had  become 
in  these  cultures  of  the  factors  responsible  for  small 
size? 

A similar  situation  was  presented  by  the  character  of 
the  foliage  most  markedly  exhibited  by  the  F2  genera- 
tions from  10.30La  and  11.35a.  The  leaves  throughout 
the  mass  of  these  cultures  were  much  larger  than  those 
of  the  parents  of  the  cross  and  much  more  crinkled. 
There  was  thus  a marked  progressive  advance  in  leaf 
size  with  the  absence  of  small-leaved  classes  of  plants 
unless  such  were  represented  in  the  F2  from  10.30La  by 
the  dwarfs.  Admitting  that  possibility,  the  same  prob- 
lem must  be  faced  as  was  discussed  for  the  explanation  of 
the  dwarfs  themselves  which  were  present  in  a ratio  of 
about  1 : 9,  suggesting  the  1 : 15  ratio  with  the  presence  of 
two  factors  for  leaf  size.  Thus  two  factors  for  leaf  size 
should  give  through  the  culture  other  classes  besides 
those  of  the  recessives,  and  these  were  not  evident.  Ap- 
plying the  hypothesis  of  multiple  factors  for  leaf  size 
one  is  compelled  to  enquire  what  has  become  of  the  fac- 
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tors  or  combination  of  factors  that  should  give  classes  of 
small-leaved  plants  to  balance  the  mass  of  the  culture 
with  its  progressive  advance  in  leaf  size  and  degree  of 
crinkling. 

I present  these  problems  not  altogether  as  a criticism 
of  the  hypothesis  of  multiple  factors  which  has  been  so 
ably  applied  in  the  recent  OEnothera  study  of  Heribert- 
Nilsson  (’13),  and  by  East,  Hays  and  other  investiga- 
tors in  various  groups.  This  hypothesis  has  amply 
justified  the  confidence  of  its  advocates,  but  it  does  not 
seem  to  me  to  be  established  as  wholly  satisfactory. 
There  has  been  abundant  evidence  in  my  cultures  of  a 
segregation  of  size  in  the  F2,  but  my  question  is  whether 
this  segregation  may  not  be  accompanied  by  a modifica- 
tion of  factors  whereby  new  sets  wholly,  or  in  part,  take 
the  place  of  the  old.  I do  not  think  that  East  ( T2)  quite 
met  the  problem  in  his  recent  discussion  of  my  data. 

It  has  been  suggested  to  me  that  the  marked  progressive 
advance  in  the  size  of  organs  in  an  F2  generation  may 
result  from  the  continuance  of  the  stimulus  of  heterozy- 
gosis (East  and  Hays,  ’12)  apparent  in  the  Fj.  Is  it  not, 
however,  possible  to  view  the  phenomenon  in  the  F2  as 
the  direct  modification  of  the  factors  for  size  as  a result 
of  the  cross'?  One  of  the  most  extreme  illustrations  that 
I have  observed  of  such  an  advance  is  illustrated  in  Fig. 
17,  which  shows  rosette  leaves  of  a certain  F2  hybrid 
plant  (12.41Lp)  in  comparison  with  those  of  its  parents. 
This  plant  failed  to  mature  flowers  and  its  study  could 
not  be  continued.  There  was  certainly  indicated  very 
profound  changes  in  its  vegetative  organization. 

Advocates  of  the  hypothesis  of  multiple  factors  for 
size  allelomorphic  to  their  absence  may  claim  the  possi- 
bility of  selective  fertilization  in  the  formation  of  zy- 
gotes preceding  an  F2  or  later  generations.  This  possi- 
bility can  not  be  disregarded,  but  we  have  no  data  for  the 
oenotheras.  There  has  been,  however,  in  my  experience 
usually  a high  degree  of  sterility  in  the  seeds  of  CEno- 
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thera  hybrids  following  the  Fj  for  which  no  adequate  ex- 
planation is  known. 

In  one  F2  generation  I have  noted  a distinct  retrogres- 
sion in  the  size  of  the  flowers.  This  was  the  F2  from  the 
plant  11.35La  briefly  described  in  this  paper.  It  con- 
tained no  plants  with  flowers  larger  than  those  of  grandi- 
fiora and  a large  proportion  of  the  culture  bore  flowers 
as  small  as  or  smaller  than  the  flowers  of  the  biennis  pa- 
rent. The  biennis  parent  in  this  cross  was  a rather  large- 
flowered  type  ( biennis  D,  petals  about  2 cm.  long)  which 
made  the  retrogression  appear  the  more  marked. 

A striking  feature  of  the  F2  generations  here  consid- 
ered has  been  the  diverse  progeny  from  Fj  sister  plants 
of  the  same  culture.  Thus  the  Fx  hybrids  10.30La  and 
10.30L5  were  sisters  of  the  cross  grandifiora  B X biennis 
A and  the  Fj  hybrids  11.35m,  11.35a  and  11.35La  were 
sister  plants  of  the  cross  grandifiora  B X biennis  D. 
Each  plant  gave  its  own  peculiar  set  of  types  in  the  F2 
with  peculiarities  so  pronounced  that  the  blood  rela- 
tionship was  much  obscured.  This  is  difficult  to  under- 
stand except  on  the  theory  that  the  parent  stock  was 
heterozygous ; yet  there  has  appeared  no  evidence  of  this 
in  the  cultures  of  the  pure  species.  It  is,  however,  clear 
that  I have  been  working  with  complex  material  and  it 
is  not  certain  that  the  species  of  (Enotliera  employed  in 
my  crosses  have  been  homozygous  to  the  degree  de- 
manded for  experimentation  on  the  behavior  of  unit  fac- 
tors. For  this  reason  I have  endeavored  to  discuss  the 
problems  with  full  caution  and  I hold  my  point  of  view 
tentatively. 

5.  The  Habit  of  “Mutation”  in  (Enotliera  Lamarck- 
ian a De  Vries  Considered  with  Reference  to  the 
Behavior  of  the  Hybrids  between 
biennis  and  grandifiora 

Perhaps  the  most  important  observations  on  these  hy- 
brids of  grandifiora  and  biennis  in  the  second  and  third 
generations  have  been  those  showing  a close  parallelism 
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of  their  behavior  to  that  of  CEnothera  LamarcJciana. 
Thus  the  hybrids  have  thrown  off  marked  variants  of 
new  specific  rank  as  does  Lamarckiana.  Certain  of  these 
new  forms  have  held  true  and  others  have  continued  to 
throw  variants  as  do  some  of  Lamarckiana’ s “mutants.” 
One  form  (12.56a;)  appeared  with  a marked  increase 
over  the  normal  chromosome  number  (14)  and  appar- 
ently corresponds  closely  to  the  triploid  “mutants” 
from  Lamarckiana  or  its  derivatives  (Lutz,  ’12;  Stomps, 
’12a).  A most  striking  feature  has  been  the  production 
in  successive  generations  of  classes  of  dwarfs,  plants 
which  contrast  sharply  with  the  mass  of  the  culture  and 
which  are  stable. 

This  behavior  of  the  hybrids  appears  to  me  to  be  of 
quite  the  same  character  as  the  “mutations”  of  La- 
marckiana, but  the  results,  here  concerned  with  crosses 
between  distinct  species,  are  clearly  of  the  sort  that  were 
to  be  expected  from  their  hybrid  association.  It  is  not 
fundamental  to  my  position  that  the  various  forms  of  the 
variants  in  the  F2  and  F3  generations  should  match  the 
“mutants”  from  Lamarckiana.  Since  the  Fx  hybrids 
were  not  themselves  the  counterpart  of  Lamarckiana, 
they  should  not  be  expected  to  give  the  same  progeny  as 
this  latter  plant.  It  is  sufficient  for  my  purpose  to  point 
out  the  essential  parallelism  between  this  hybrid  be- 
havior and  that  of  Lamarckiana  when  it  gives  rise  to  its 
“mutations.” 

De  Vries  (’12,  p.  30)  has  questioned  the  stability  of 
my  grandiflora  stock,  apparently  believing  that  my  hy- 
brids exhibit,  at  least  in  part,  a mutating  habit  inherited 
from  the  grandiflora  parent.  This  view  is  based  on  the 
appearance  of  two  classes  of  hybrids  (twin  hybrids)  in 
the  Fx  from  the  cross  grandiflora  B X biennis  D.  The 
evidence,  however,  indicates  that  this  peculiarity  is  con- 
nected with  the  biennis  parent,  which  may  not  have  been 
homozygous  for  the  character  of  stem  coloration  at  the 
time  the  cross  was  made,  although  in  later  generations 
the  form  has  held  true. 
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I am  perfectly  willing  to  admit  the  complexity  of  my 
stock  material  of  grandiflora  and  biennis,  and  also  the 
possibility  that  the  forms  may  not  have  been  strictly 
homozygous  at  the  time  the  crosses  were  made.  It  was 
in  no  wise  necessary  for  the  purposes  of  my  experi- 
ments that  they  should  be  strictly  homozygous.  My  only 
concern  was  that  the  material  should  he  American  types 
of  CEnothera  without  the  possibility  of  contamination 
through  crosses  with  Lamarckiana.  That  my  forms  of 
biennis  and  grandiflora  had  these  qualifications  there 
can,  I think,  be  no  doubt.  They  have,  as  a matter  of  fact, 
bred  true  in  the  small  cultures  which  have  been  carried 
through  two  generations  for  biennis  A and  biennis  D 
and  four  generations  for  grandiflora  B. 

An  abstract  of  my  argument  is  as  follows:  (1)  Since 
hybrids  of  biennis  and  grandiflora  show  points  of  strong 
resemblance  to  Lamarckiana  and,  (2)  since  the  behavior 
of  these  hybrids  in  the  F2  and  F3  parallel  closely  the  be- 
havior of  Lamarckiana  when  it  gives  rise  to  “mutants,” 
(3)  therefore,  there  are  strong  reasons  for  believing  that 
the  “mutations”  of  Lamarckiana  are  due  to  instability 
of  its  germinal  constitution  resulting  from  a hybrid 
origin.  The  fact  that  CEnothera  Lamarckiana  is  not 
known  as  a component  of  any  native  CEnothera  flora  and 
the  fact  that  its  known  history  has  been  entirely  as  a 
cultivated  plant  or  as  a garden  escape  naturally  greatly 
strengthen  the  force  of  the  above  argument. 

It  does  not  seem  to  me  that  these  arguments  are 
answered  by  a supposition  that  the  behavior  of  my  hy- 
brids involves  a habit  of  mutation  inherited  from  the 
parental  types.  On  the  contrary,  are  we  not  justified  in 
asking  of  the  mutationists  evidence  from  material  the 
status  of  which,  as  representative  of  a wild  species,  is 
beyond  question?  Stomps  (’12 b)  has  apparently  en- 
deavored to  meet  the  situation  by  a study  of  a cross  be- 
tween the  biennis  and  cruciata  of  the  sand  dunes  of  Hol- 
land. From  the  cross  he  obtained  in  the  second  genera- 
tion a biennis  nanella  and  a biennis  semi-gigas.  Both  of 


566 


THE  AMERICAN  NATURALIST 


[Vol.  XLVII 


these  new  forms  are  regarded  by  Stomps  as  “mutants” 
in  the  De  Vriesian  sense  in  the  belief  that  biennis  and 
cruciata  have  an  identical  germinal  constitution,  except 
for  factors  that  determine  floral  structure  and,  therefore, 
with  respect  to  other  characters  may  be  crossed  as 
though  they  were  homozygous.  - Applying  these  con- 
clusions to  the  problem  of  the  status  of  CE.  Lamarckiana, 
Stomps  reasons  that  since  biennis  mutates  and  since 
biennis  is  an  older  species  than  Lamarckiana,  it  follows 
that  mutations  among  the  cenotheras  are  older  than  La- 
marckiana and  consequently  the  mutations  of  this  spe- 
cies can  not  be  the  result  of  hybridization. 

In  a recent  discussion  (Davis,  ’13)  of  the  conclusions 
of  Stomps  I have  taken  exception  to  the  assumption  that 
his  biennis  and  cruciata  have  exactly  the  same  germinal 
constitution  except  for  floral  characters.  This  I can  not 
believe  probable,  for  the  reason  that,  whatever  may  be 
the  relation  between  the  two  species,  they  have  certainly 
had  a long  period  of  independence.  Cruciata  has  never 
appeared  in  the  extensive  cultures  of  the  Dutch  biennis 
that  have  been  grown  by  De  Vries  and  Stomps,  and  there 
is  no  experimental  evidence  that  it  has  been  recently  de- 
rived from  the  latter  form.  From  my  point  of  view 
Stomps  really  made  a cross  between  two  species  and  ob- 
tained two  marked  variants  due  to  some  germinal  modi- 
fication as  a result  of  the  cross. 

It  seems  to  me  fair  to  ask:  Why  did  Stomps  find  it 
necessary  to  cross  biennis  and  cruciata  to  obtain  these 
“mutants”  biennis  nanella  and  biennis  semi-gigasf  If 
they  have  the  same  germinal  constitution  except  for  floral 
characters,  Why  should  not  biennis  alone  or  cruciata 
alone  give  the  “mutants”?  There  is  no  form  of  biennis 
better  known  to  the  workers  in  the  experimental  gardens 
than  this  Dutch  plant.  It  is  believed  to  have  been  on  the 
sand  dunes  of  Holland  since  pre-Linnaean  times  and 
Bartlett  ( ’13)  has  recently  presented  strong  reasons  for 
believing  the  plant  to  be  the  form  known  to  Linnaeus  as 
(Enothera  biennis  and  consequently  to  be  regarded  as 
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the  type-form  of  the  species.  No  species  of  (Enotherci 
is  perhaps  so  free  from  suspicion  as  to  its  gametic  purity. 
It  Stomps  can  obtain  mutations  from  tested  material  of 
the  Dutch  biennis  grown  in  pure  lines  he  will  have  the 
basis  of  a strong  argument,  but  this  seems  to  me  lacking 
in  the  conclusions  drawn  from  his  cross  of  biennis  with 
cruciata. 

I do  not  believe  it  at  all  probable  that  the  Dutch  biennis 
will  be  found  to  “mutate”  under  normal  conditions  to  a 
degree  worthy  of  serious  consideration  for  the  mutation 
theory  of  De  Vries.  The  plant  has  already  been  made 
the  subject  of  extensive  cultures  and  its  characters  are 
known  to  a number  of  workers  with  oenotlieras.  Yet  I 
am  far  from  taking  the  stand  that  environmental  condi- 
tions may  never  induce  a modification  of  germinal  con- 
stitution and  still  leave  the  organism  vigorous.  The 
possibility  of  direct  modification  of  germ  plasm,  inde- 
pendent of  sexual  mixing,  presents  one  of  the  most  in- 
viting fields  of  genetical  research.  However,  if  such  re- 
search gives  affirmative  conclusions  we  should  be  most 
cautious  in  applying  them  to  the  conditions  that  normally 
surround  a species  and  to  the  process  of  organic  evolu- 
tion. 


6.  The  Problem  of  the  Origin-  of  ( Enotherci 
Lamarckiana  De  Vries 

As  stated  in  the  introduction  to  this  paper,  we  are  no 
longer  in  our  problem  of  the  origin  of  (Enothera  La- 
marckiana De  Vries  concerned  with  Lamarck’s  plant 
{CE.  Lamarckiana  Seringe,  1828)  of  about  1796.  This 
plant  (Davis,  T2 b)  was  with  little  doubt  a form  of  CE. 
grandiflora  Solander,  1789,  introduced  at  Kew  in  1778. 
It  had  no  relation  to  the  cultures  of  Carter  and  Company, 
of  about  1860,  which  were  the  starting  point  for  the  dis- 
tribution among  seedsmen  of  the  plants  known  in  cultiva- 
tion as  Lamarckiana  (an  incorrect  determination  of 
Lindley)  from  some  of  which  De  Vries’s  material  was 
derived. 
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The  historical  side  ^f  the  problem  then  largely  centers 
on  the  history  and  composition  of  these  cultures  of  Carter 
and  Company.  We  have  the  statement  of  this  firm  that 
their  seeds  were  received  unnamed  from  Texas.  This 
suggests  that  Lamarckiana  De  Vries  may  have  in  it  the 
blood  of  some  of  the  large-flowered  oenotheras  with  an 
upright  habit  that  are  known  to  be  present  in  the  south- 
western United  States.  There  are  a large  number  of 
such  forms  which  frequently  pass  under  the  name  of 
Oenothera  Hookeri  and  have  not  as  yet  been  properly 
segregated  in  the  experimental  garden.  I am  working 
with  several  of  these  types  to  determine  whether  any  of 
them  may  prove  to  be  more  favorable  than  grandiflora  as 
forms  to  cross  with  biennis  in  my  attempts  to  synthesize 
Lamarckiana  as  a hybrid.  (See  note  at  end  of  paper.) 

It  must,  however,  be  borne  in  mind  that  we  have  at 
present  no  confirmatory  evidence  that  such  plants  as 
Carter  and  Company  describe  or  the  Lamarckiana  of 
De  Vries’s  cultures  grow  in  Texas.  It  is  possible  that 
Carter  and  Company  obtained  their  plants  from  some 
part  of  England,  as  from  the  sand  hills  of  Lancashire, 
where  large-flowered  oenotheras  were  reported  at  dates 
earlier  than  1860  and  where  at  the  present  day  CE.  La- 
marckiana is  successfully  established.  We  must  look  to 
British  botanists  for  investigations  which  will  make  clear 
the  history  of  such  CEnothera  floras  as  that  of  Lancashire, 
and  it  is  to  be  hoped  that  collections  will  be  thoroughly 
searched  for  evidence  on  their  probable  development. 

With  respect  to  the  composition  of  the  cultures  of 
Carter  and  Company  we  have  some  strong  evidence  from 
the  specimens  grown  by  Asa  Cray  in  1862  that  their 
plants  differed  in  some  important  respects  from  the  La- 
marckiana of  De  Vries.  These  specimens  have  been 
figured  and  described  (Davis,  ’12a,  pp.  417-422)  and  it 
seems  probable  that  the  plants  were  not  more  than  one  or 
two  generations  removed  from  the  original  cultures  of 
Carter  and  Company.  The  specimens  have  characters 
in  part  those  of  De  Vries’s  Lamarckiana  and  in  part  those 


No.  561]  GENETIC AL  STUDIES  ON  2EN0THERA 


569 


found  in  grandiflora,  and  undoubtedly  present  in  some  of 
the  large-flowered  cenotheras  of  the  west  and  southwest. 
If  the  plant  of  Dr.  Gray  was  representative  of  the  cul- 
tures of  Carter  and  Company  the  evidence  indicates  that 
their  forms  became  greatly  modified  during  the  quarter 
century  before  the  time  when  De  Vries  began  his  studies, 
at  about  1886,  and  isolated  the  type  which  we  know  to-day 
as  (Enothera  Lamarckiana  De  Vries. 

On  the  experimental  side  of  the  problem  of  the  origin 
of  De  Vries’s  Lamarckiana  we  have  evidence  of  its  hybrid 
nature  from  various  sources.  The  recent  analytical 
studies  of  Heribert-Nilsson  (’12),  previously  mentioned, 
show  that  certain  characters  of  Lamarckiana  behave  in  a 
manner  suggesting  their  association  in  a complex  hybrid 
that  is  still  throwing  off  segregates.  His  conclusions  that 
Lamarckiana  is  a polymorphic  species  is  supported  by 
my  own  experience  in  isolating  certain  biotypes  from  ma- 
terial of  De  Vries.  The  “twin  hybrids”  produced  when 
Lamarckiana  or  certain  of  its  derivatives  furnish  the 
pollen  of  a cross  with  biennis  or  muricata  indicate,  as 
suggested  by  several  critics,  that  different  types  of 
gametes  are  formed  by  Lamarckiana. 

My  own  studies  on  hybrids  between  forms  of  biennis 
and  grandiflora  have  reached  an  interesting  point.  I 
have  not  been  able  to  synthesize  by  direct  crosses,  from 
wild  stock  so  far  obtained,  any  hybrid  with  all  of  the 
characters  of  Lamarckiana  in  the  same  plant,  although  I 
believe  that  all  of  the  important  taxonomic  characters  of 
Lamarckiana  have  been  represented  in  some  of  my 
hybrids.  It  is,  however,  probable  that  more  favorable 
parental  types  will  in  time  come  to  hand.  For  example, 
a form,  with  the  habit  and  foliage  of  the  Dutch  biennis 
and  with  the  stem  coloration  of  Lamarckiana,  which  the 
Dutch  biennis  apparently  has  not,  would  furnish  very 
favorable*  material.  In  the  meantime  I have  the  possi- 
bility of  crossing  my  hybrids  back  with  certain  wild 
species  and  of  crossing  the  hybrids  with  one  another.  In 
this  way  it  may  be  possible  to  bring  into  one  plant  all  of 
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the  characters  of  Lamarckiana.  It  is  of  course  in  no  way 
essential  to  the  hypothesis  of  the  hybrid  origin  of  La- 
marckiana  that  the  plant  should  have,  arisen  as  the 
product  of  a simple  cross.  With  Lamarck’s  plant  elimi- 
nated from  the  problem  of  the  origin  of  De  Vries’s  ma- 
terial, the  importance  of  grandiflora,  on  historical 
grounds,  is  materially  lessened  and  we  may  consider 
other  large-flowered  types  of  more  recent  introduction 
into  Europe  as  possible  parents  in  a cross. 

The  resemblance  of  my  various  hybrids  to  Lamarckiana 
and  the  parallelism  of  their  behavior  in  the  F2  and  F3  to 
that  of  Lamarckiana  give  in  themselves  sufficient  reasons, 
in  my  opinion,  to  justify  the  belief  in  its  hybrid  character 
and  to  point  to  the  probability  that  this  plant  arose  as  a 
cross  between  distinct  forms  of  CEnothera.  Lamarckiana 
thus  would  not  be  representative  of  a wild  species  of 
essentially  stable  germinal  constitution  and  its  ‘‘muta- 
tions” are  most  simply  interpreted  as  the  behavior  of  a 
hybrid. 

University  op  Pennsylvania, 

April,  1913 
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Note  added  August  10,  1913 

It  is  a satisfaction  to  announce  that  this  summer  (1913)  I have  obtained 
an  F,  hybrid  generation  with,  I believe,  all  of  the  essential  taxonomic  char- 
acters of  the  small-flowered  forms  of  (E.  Lamarckiana  De  Vries.  The  cross 
was  a large-flowered,  undescribed  species  of  (Enothera  from  California  pol- 
linated by  the  Dutch  biennis  ((E.  biennis  Linnaeus).  The  hybrids  differ 
from  the  small-flowered  Lamarckiana  only  in  relatively  small  plus  or  minus 
expressions  of  certain  of  its  distinctive  characters.  It  is  not  unreasonable 
to  expect  that  generations  from  these  hybrids  in  the  F2  will  give  material  for 
future  selection  towards  the  large-flowered  Lamarckiana  of  De  Vries. 
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